OCALIZATION of the leakage site in cases of cerebrospinal fluid (CSF) rhinorrhea, both posttraumatic and spontaneous (nontraumatic), is often an arduous and always a challenging diagnostic problem. The possible sites are numerous: through the frontal sinus, the lamina cribrosa, the sphenoid sinus via the sella, and the petrous bone via the middle ear and the eustachian tube ( Fig. 1) . Furthermore, the fistula may be located on the side opposite to the "dripping nostril" or the sources of leakage may be multiple.
Diagnostic procedures for CSF rhinorrhea include the use of dyes, fluorescent substances, radiography, and radioactive tracers (Table 1) . Dyes and fluorescein usually are not very informative for the localization of the fistula and, in addition, may be dangerous. ~6,34,~ Plain x-rays and even detailed tomographic studies are frequently disappointing. In our opinion no convincing evidence has yet been offered for the value of Pantopaque as a localizing agent for the CSF leaks, and this x-ray opaque medium is not always innocuous. 18,28 Radioactive counting of cotton pledgets placed in strategic points of the walls and roof of the nose and nasopharynx prior to the subarachnoidal introduction of a radiation emitter 4,35 fails to give morphologic information about the leakage.
This report deals with the diagnostic possibilities of isotope cisternography (pictorial scintiphotography of the head after introduction of a radioactive tracer into the subarachnoidal spaces) for the localization, demonstration of the cause, and follow-up of cerebrospinal fluid rhinorrhea. We have used isotope cisternography in over 30 cases of traumatic and nontraumatic leaks. The method is usually successful, always informative. It is simple and, if the proper technique is followed, innocuous. Because the isotope cisternogram represents an accurate and reliable pictorial demonstration of the endocranial subarachnoidal cavities, we actually "see" the site of leakage and, not infrequently, the entire fistulous track.
The radioactive tracer is introduced in most instances by lumbar puncture, exceptionally by the suboccipital route. A fine gauge needle is preferred for the lumbar puncture, to avoid excessive subarachnoid tearing and thus minimizing extravasation of the tracer into the subdural or epidural lumbar spaces. Every attempt should be made to obtain a straight, clean puncture, and repeated "stickings" at the same sitting should be avoided. Injection of the radioactive tracer after a "bloody" lumbar puncture will in most instances result in a conventional brain scan, as after intravenous (systemic) introduction, rather than a cisternogram. The tracer may be diluted in the syringe with some CSF. The radioactive compounds for isotope cisternography and ventriculography which we have employed through the years are listed in Table 1 .
Radioiodinated human serum albumin (RIHSA) has been our tracer of choice for a long time. Prior to its introduction, as in conventional brain scanning, the thyroid should be blocked with "cold" iodine. It is of fundamental importance to inject into the subarachnoidal space low protein, high specific activity RIHSA. A fresh 1 ~o solution* (concentration 500 to 250 ~Ci per cc) should be used. Thus, in the technique of isotope cisternography in order to administer the adult dose of 100 ~Ci, 0.2 to 0.4 cc (2 to 4 mg of albumin) is injected intrathecally. In children, 50 ~Ci (1 to 2 mg of albumin) is sufficient. Using low protein, high specific * The Abbott Laboratories "RISA," for instance, is a 1 7o solution.
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activity RIHSA, we have never seen aseptic meningitis or other complications related to the tracer in several hundreds of isotope cisternographic and ventriculographic studies. In both of the two recently reported cases of aseptic meningitis following subarachnoidal introduction of RIHSA, a 6~o solution was used? .37 Thus, the amount of albumin injected intrathecally was very high (28 mg and more than 100 mg respectively).
In the last year, we have extensively employed for cisternography ls,16,~s high specific activity Technetium-99m human serum albumin (99mTc-HSA), which we are also using by the intravenous route for conventional brain scanning, iv Our method of preparing this compound, described in detail elsewhere, 16 is a modification of a method originally suggested by Richards and Atkins? ~ In general, it consists of an acid reduction of pertechnetate ion in the presence of iron and ascorbic acid prior to coupling to the protein. Nonorganically bound 99mTc is subsequently removed by ion exchange chromatography, and the product is sterilized by membrane filtration. Appropriate control testing is then carried out to determine the quality of the resultant compound. The high specific activity-99mTc-HSA dosage employed for isotope cisternography has been 2 mCi in adults and 1 mCi in children. Due to the fact that in our preparations the specific activity varies from 1.5 up to 12 mCi per rag, we virtually never have to inject intrathecally more than 1 mg of albumin.
Technetium albumin is an ideal tracer for the isotope-cisternographic study of the CSF leaks. With the dosage of 1 or 2 mCi, high count rates are insured. The radiation to the patient is negligible due to the short half-life (6 hours) and the absence of beta emission. In addition, the Anger type camera can be used very efficiently with the 140 key gamma photon of the 99mTc. A disadvantage of 99mTc-HSA is that its short half-life makes impractical the studies at 24 to 48 hrs (late scans). For this reason, we occasionally use a double tracer technique: high specific activity99mTc-HSA for the early (up to 6 hours) and RIHSA for the late (24 to 48 to 72 hrs) records. The 99mTc-pertechnetate (99mTcO~-) cannot be used for isotope cisternography because it is resorbed locally at the site of the lumbar injection, and it is not transported with the cerebrospinal fluid. 9,t2
